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Abstract
Sea level rise poses a great threat to coastal areas and our way of life. As flooding
increases in frequency and intensity across the country, vulnerable populations become a target
to its impacts. The U.S. dedicates much research to risk communication and climate change
adaptation strategies; however, these coastal areas are home to a large percentage of underserved
and underrepresented communities that can be challenging to meaningfully engage. The impacts
of short-term sea level rise combined with long-term sea level rise will not only cause flooding,
erosion, and intrusion of saltwater into freshwater resources but also increased financial
consequences, such as higher poverty levels that damage livelihoods, infrastructure, and coastal
resources. There is a growing need to better understand how to effectively serve and
communicate with these stakeholders and develop culturally relevant and targeted resources to
reach out to underserved communities. This study establishes a reliable and timely method to
identify underserved communities suffering from the coastline change at large spatial scales by
using remote sensing tools. The city of Biloxi, Mississippi was a pilot for this study where sea
water levels were obtained to demonstrate the changes in sea levels throughout the past years and
how they have impacted underserved populations. These data, combined with U.S Census
Bureau data were used to create a Sea Level Rise (SLR) Index showing the demographics of the
place and the environmental risk of flooding. This index can be used as an indicator for
environmental justice along coastal zones. These maps along with the SLR Index can be used as
a tool to engage with stakeholders and community organizations to educate and empower
communities, promote environmental justice, and contribute to the development of successful
adaptation responses that integrate scientific science and people’s needs and opinions to achieve
meaningful engagement and increased resilience of frontline communities.
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Chapter 1. Introduction
Sea level rise poses a great threat to coastal areas and our way of life. As flooding
increases in frequency and intensity across the country, vulnerable populations become a target
to its impacts. The U.S. dedicates much research to risk communication and climate change
adaptation strategies; however, these coastal areas are home to a large percentage of underserved
and underrepresented communities that can be challenging to meaningfully engage. The impacts
of short-term sea level rise combined with long-term sea level rise will not only cause flooding,
erosion, and intrusion of saltwater into freshwater resources but also, increased financial
consequences such as higher poverty levels that damage livelihoods, infrastructure, and coastal
resources. There is a growing need to better understand how to effectively serve and
communicate with these stakeholders and develop culturally relevant and targeted resources to
reach out to underserved communities. Building visual tools that are local-based, graphic and
easy to understand help underserved communities to clearly understand the climate change
phenomenon and can increase their engagement in resilience programs.
Goal and Objectives
The main goal of this project was to develop a model to engage communities affected by
sea level rise using engineering principles and tools. The specific objectives are:
1. Identify what are the best practices and techniques for engaging frontline underserved
communities by performing a literature review and feedback from experienced
practitioners from NOAA.
2. Apply remote sensing and GIS tools to prioritize communities at risk and enhance their
resilience against sea level rise using East Biloxi as a case study.
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3. Develop a process to identify communities at risk of flooding due to sea level rise by
developing an environmental justice index that considers demographic index, relative sea
level rise, and shoreline changes.
While there are different environmental justice indexes and sea level rise visualization
tools, no study yet has integrated these two variables together. Findings in the literature
review reveal that underserved communities are the most affected from the consequences of
climate change, sea level rise being one of those. Though underserved communities are
harder to engage, studies reveal that visual representations that are simple and connect to
their beliefs can increase their participation in adaptation programs. This project explores the
development of a Sea Level Rise Index that identifies underserved communities at a high risk
from sea level rise to facilitate prioritization and enhanced communication and engagement.
By using the Sea Level Rise Index we are able to develop visuals that are understandable by
underserved communities to increase their knowledge and enhance their engagement to
adaptation resilience programs.

2

Chapter 2. Literature Review
Researchers define social vulnerability as “the characteristics of a person or their group
and their situation that influence their capacity to anticipate, cope with, resist and recover from
the impact of a natural hazard” (Blaikie, 2003). The National Oceanic and Atmospheric
Administration (NOAA) (2019b) notes that “in the U.S, about 40 percent of the population lives
in relatively high-population-density coastal areas where relative sea level plays a role in
flooding, shoreline erosion, and hazards from storms”. About one-third of these residents are
elderly, low-income, disabled, or otherwise socially vulnerable (NOAA, 2016). Global sea levels
are rising and projected to continue rising at an accelerated rate in the coming decades, affecting
all coastal residents, but this does not mean that all people are equally vulnerable to their effects
(NOAA, 2019b; IPCC, 2014). Agencies like the Intergovernmental Panel on Climate Change
(IPCC) have found that exposure, vulnerability, and resilience to climate impacts are tightly
correlated to a population’s socioeconomic status (IPCC, 2014). Although there is extensive
research about risk perception and communication of acute flooding events (Campbell et al.,
2020; Moser and Ekstom, 2010; Moser, 2009), communication with underserved populations
have been less studied and discussed, particularly as it relates to the topic of chronic sea level
rise (Khan et al., 2020; Jurjonas et al, 2020; Bhattachan et al., 2018; Akerlof, 2017; IPCC, 2014).
Frontline communities are those located near an existing environmental hazard and,
typically, are the ones who experience the first and the worst consequences of climate change
(Egland and Kelley, 2020; Holland, 2017). For the sake of this project, the terms of climate
justice communities, special communities, marginalized communities, and underserved
communities are used interchangeably with frontline communities. It is important to note that
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although not all frontline communities are necessarily underserved; the frontline communities
mentioned here happen to have a high percentage of underserved populations.
Educational opportunity, financial resources, unemployment, out-migration, age, and race
can affect a community’s ability to respond to more frequent and intense flooding (Cleetus et al.,
2015; Miller-Hesed and Paolisso, 2015). As cited by Trayler-Smith (2017): “Marginalized
populations are those who have the smallest carbon footprint, but due to their socioeconomic
status, geographic location, gender, and age, they are the ones who experience the worst effects
of climate change.”
Direct inundation it’s not the only consequence originated from sea level rise. Erosion of
beaches and coastal lands, salinization of soils, and saltwater intrusion into aquifers used for
potable water use are all problems that we are currently seeing and will continue facing in the
nearby future. Chronic flooding events can cumulatively cause more damage than a single acute
weather event, highlighting the need to communicate and educate frontline communities to plan
for the effects of rising sea levels. Flooding associated with sea level rise has and will continue to
impact frontline communities living in flood-prone areas, endangering lives, damaging homes,
limiting people’s access to reliable transportation, and inhibiting them from providing financial
resources to their families (Khan et al., 2020; Cleetus et al., 2015). Sea level rise is not a
reversible condition and will continue to exist for the next centuries to come (NOAA, 2020;
NRDC, 2019). With this being said, coastal communities must continue developing new
adaptation strategies.
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Environmental Justice
Frontline communities in the U.S have a history of being forced from their homelands.
Robert Bullard, the "father of environmental justice", defines the term environmental justice as:
"The principle that all people are entitled to equal environmental protection regardless of race,
color, or national origin. It's the right to live and work and play in a clean environment"
(Milman, 2018). With research mainly focused on Blacks1, Hispanics, Asians, Pacific Islanders,
and Native Americans, the environmental justice movement tries to address a statistical fact:
people who live, work, and play in the most polluted environments of the country are usually
people of color, ethnic minorities, and low-income residents (Skelton and Miller, 2016).
Environmental racism is tied to racial segregation (Milman, 2018; Hardy et al., 2017; USDN,
2017; Agyeman et al., 2007). In the 1930’s the practice known as “redlining” contributed to
systemic racism by denying mortgages to residents of those areas considered “high risk or
hazardous.” Although this practice was banned in 1968, many of the redlined areas remain
“undesirable”, with predominant population of people of color, ethnic minorities, immigrants,
and low-income families residing in low-lying areas prone to flooding, originally zoned for
mixed residential/industrial use, and, in general, the least desirable land (USDN, 2017; Skelton
and Miller, 2016; Gross, 2017; Agyeman et al., 2007). To this date, frontline communities still
live in segregated neighborhoods affecting the impact on their homes value, city services,
education, crime, and the life expectancy of the people living there. Furthermore, frontline
underserved communities are exposed to a disproportionate number of harmful conditions
including lack of greenspace, weak and/or failing infrastructure, fewer economic opportunities,
higher human health problems, higher overall mortality, poor access to health care, inadequate

1

The word Black in this report shall be used when referring to groups in racial, ethnic, or cultural terms.
For more information, please refer to Appendix A.
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education, fewer opportunities for safe recreation, poor quality housing, inequitable access to
transit services, and community isolation or displacement (GCC, 2020; Gross, 2017; Skelton and
Miller, 2016). Chronic flood episodes derived from climate change, such as nuisance flooding,
king tides, and flash flooding, can introduce severe bacterial contamination and toxic waste into
communities, causing a public health hazard as well (Roesler, 2011). Furthermore, aging
municipal storm water systems, bridges, highways, and other infrastructure systems that were
built years ago are failing, placing communities that depend on them at a further disadvantage
(NOAA, 2019b; Cleetus et al., 2015).
Remote Sensing
Changes in coastal geomorphologies and withdraw of coastlines in the long-term result
from sea level rise. The question remains: how can we monitor these land vs water changes?
Remote sensing tools such as satellite images provide more information as it is taken from space,
rather than focusing solely on surface images. Information and images from satellites
complement scientific knowledge on ocean bathymetry, sea surface temperature, ocean color,
coral reefs, and sea and lake ice (NOAA, 2020). Throughout the years, there have been different
satellites used to measure the changes in sea levels. For over three decades, different
governmental agencies like NOAA and NASA have dedicated financial resources and research
to document current sea levels, predict future sea level rise, and provide scientists with a more
accurate view of the coastlines from space (NASA, 2020). In addition to satellites, there are also
tide gauges on Earth to corroborate the data collected from the satellites. The monitoring of longterm sea level rise images can help confirm scientific information, predict future behavior, and to
have a better visualization and thus understanding of how sea level rise has changed over time.
As seen in Figure 1, an average in sea surface height data obtained from different satellites:
6

TOPEX/Poseidon, Jason-1, OSTM/Jason-2, and Jason-3 show how global mean sea levels have
increased by about 4 inches for only the past thirteen years. In addition to these satellites, the
Landsat program satellites also provide a free service of imagery that allows monitoring of sea
level rise. This data continues to be monitored and analyzed with the addition of the newest
launch of Sentinel-6 (NASA, 2020).

Figure 1. Global Mean Seal Level from 1993 to 2020 (NASA Goddard Space Flight Center,
2020)
Images from these sensors can be pulled out to analyze different features in different
mapping software such as Google Earth Pro, ArcMap, and ArcGIS Pro, among others. In their
efforts to protect communities against the effects of flooding, the Federal Emergency
Management Agency (FEMA) has created different maps that delineate the Special Flood
Hazard Area (SFHA). These maps identify areas that have a 1% annual chance of flooding (i.e.,
the 100-year floodplain) and thus may require the purchase of flood insurance through the
National Flood Insurance Program (NFIP).
Bathymetry is the science of measurement of the depth and topography of the seafloor.
Bathymetry is useful to monitor different features and parameters such as navigational charts,
beach erosion, seafloor profile, and sea level rise, among others (Jagalingam P and Vittal Hegde,
7

2016). The bathymetry of an area can be determined using different sensors like sonar, lidar, or
passive multispectral imagery such as Ikonos, WorldView, and Landsat. (Jagalingam P and
Vittal Hegde, 2016) Throughout the years, different studies have demonstrated that satellite
imagery, specifically Landsat, is a reliable method to analyze shoreline changes in relationship to
sea level rise (Jagalingam P and Vittal Hegde, 2016; Chand and Acharya, 2010). Shoreline2 can
be defined as the boundary between land a water body (Chand and Acharya, 2010). Landsat is a
moderate spatial-resolution imagery that is free and open to the public thus, increasing its
accessibility. Since 1972, Landsat has collected consistent spectral imagery of the planet’s
continents and its surrounding coastal regions (NOAA, n.d). Landsat data can be extracted
through different options such as TM, ETM+, and OLI: Besides being able to monitor one area at
different times, remote sensing has other benefits. It can be considered the most economical and
fastest method to identifying sea level changes when compared to light detection and ranging
(LIDAR) data, and global positioning systems (GPS) data (Warnadi and S N Hijrawadi, 2020;
Xu, 2018). Fieldwork in rural and resource-low places can be difficult. Surveying and field
research can be expensive and time-consuming. The lack of this kind of data opens the door for
new technologies such as the use of satellites that allow the analysis of current and archived data.
Continued monitoring of shorelines using remote sensing allows early detection of changes in
coastlines (Colak et al., 2018; Xu, 2018; Chand and Acharya, 2010). Different authors have
agreed that the best method for satellite extraction of coastline images is using spectral water
indices, as they are as accurate and less time-consuming than other methods such as on-screen
digitizing (Warnadi et al., 2020 and Colak et al., 2018). Additionally, the integration of remote
sensing techniques with geographical information systems (GIS) has been extremely helpful due

2

For the purposes of this project, shoreline and coastline are used interchangeably. Both being defined as
the boundary between land and water.
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to its repetitive data coverage, high resolution, and multi-spectral database. A specific benefit
from Landsat is that it can be considered the most suitable imagery system to identify and
compare land vs. water at a large scale (Warnadi et al., 2020; Colak et al., 2018; Xu, 2018).
Remote sensing tools and satellite imagery are tightly connected to the development and
implementation of sea level rise adaptation measures. The monitoring of shoreline retreat and
land loss rates is critical to predict future events and develop coastal zone management strategies
(Thieler and Hammar-Klose, 2000). Additionally, vulnerability to actual or expected climate
change effects can be decreased through adaptation (GCC, 2020; Khan et al., 2020; Agyeman et
al., 2007). But how can adaptation in the community be achieved when there is little
understanding of the problem. There is a need to explain risk to communities based on their
surroundings. Communities need place-based images to better understand the risk they are living,
in this case, chronic flooding derived from sea level rise.
Infrastructure and Adaptation Measures
Increased water levels are responsible for causing structural damage to buildings by
splintering walls, undermining buildings, or even pushing homes off foundations (FEMA, 2020).
It is impossible to stop the increase in sea levels, but adaptation measures and strategies can
lower the impact of these hazards on frontline underserved communities. Adaptation measures
and strategies are different and range from state to state. Many states have incorporated the use
of building codes and have developed different environmental plans to try and reduce the impact
of their actions on the environment. While some states in the country continue to integrate
climate change adaptation plans, others are doing little to nothing to fight this problem. Can the
differences in these states influence the behavior and impacts of sea level rise in the existing
infrastructure? According to the Natural Resources Defense Council (NRDC), strategies for sea
9

level rise include doing nothing, Protect (seawalls, levees, etc.), Accommodate (elevating
structures or insurance), Advance (building a buffer out into the ocean), Retreat (moving away
from the coast), and Ecosystem-based Adaptation (2019). Figure 2 shows the four adaptation
measures against sea level rise.

Figure 2. Sea Level Rise Adaptation Strategies (NRDC, 2019)
Floodproofing. Floodproofing can happen in two ways, either dry or wet floodproofing.
Dry floodproofing is a combination of measures that results in a structure being impermeable to
10

the entrance of floodwater and with structural components having the capacity to resist flood
loads (FEMA, 2013). On the other hand, we refer to wet floodproofing as the use of flooddamage-resistant materials and construction techniques that try to minimize flood damage to
areas below the flood protection level of a structure, which is intentionally allowed to flood
(FEMA, 2013). Please refer to Figure 3.

Figure 3. Flood Panel (Dry Floodproofing)
Floodwall and Levees. According to FEMA floodwalls are constructed barriers of flooddamage-resistant materials to keep water away from or out of a specified area (FEMA, 2013). A
levee is a manmade barrier, usually, an earthen embankment, designed and constructed with
sound engineering practices to contain, control, or divert the flow of water to provide protect
against temporary flooding (FEMA, 2013).
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Relocate facilities to higher elevations. Relocate utility infrastructure to higher
elevations to prevent or reduce risks from coastal flooding and exposure as a result of coastal
erosion or wetland loss.
Most current building codes and standards do not account for flooding that happens more
frequently or is more severe (NRDC, 2019). Resilient design is particularly relevant for cities
and communities at risk from natural disasters, including long-term sea level rise. Coastal
communities need to implement floodplain management standards or codes that exceed FEMA's
minimum requirements. In the past, buildings and infrastructure were designed under codes that
accounted for a 100-year flooding. A “100-year flood” refers to flooding events with a 1%
chance of occurring in any given year. Though this term is commonly used, this doesn’t mean
that a “100-year flood” can’t happen two years in a row or two times in less than two years. As
climate change continues happening, these “low” probability events will continue to happen
more frequently and with more intensity than in previous years (FEMA, 2020). With the increase
in intensity and frequency in storm surges and some other chronic flooding events, the
delineation of 100-year floodplains map that influence coastal policy need to adopt a different
approach (Tebaldi, 2012). Different studies estimate that by the year 2050 some coastal locations
may experience an increase in annual water levels that would qualify as 'century' (i.e., having a
chance of occurrence of 1% annually) extremes (Tebaldi, 2012). Mitigation measures and
resilience-building have the ability to improve infrastructure and public spaces. By doing so,
communities become stronger, more disaster-resilient buildings and could generate a high return
on investment (FEMA, 2020). Unfortunately, East Biloxi is not the exception to this problem.
The Flood Hazard Prevention Standards section found in The Code of Ordinances for the City of
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Biloxi states that building and construction of residential and commercial infrastructure must be
built following the 100-year flood design (City of Biloxi, 2021).
Area of Study: East Biloxi
Although many coastal areas have a high percentage of underserved communities, this
project is mainly focused in the Gulf Coast area of East Biloxi. Biloxi is a city located in
Harrison County in Mississippi. The area of study of East Biloxi is a small town located within
the City of Biloxi in Harrison County, Mississippi between Biloxi Bay and the Mississippi
Sound along the Gulf of Mexico (between 88° 54.2 W and 30° 24.7 N).

Figure 4-Research Area of East Biloxi
The Gulf Coast is characterized by its sandy beaches and coastlines that are constantly
affected by the more intense and more frequent hurricanes, plus the continuous rise in the sea
levels. The City of Biloxi is not the exception as it is vulnerable to the impacts of sea level rise
with an elevation of about 20 feet with 18 percent of the city composed of water (NOAA, 2014).
13

Climate Change and Sea Level Rise
Climate change and sea level rise information can be very technical and difficult to
interpret for people that are not familiar with the subject, which may cause misunderstanding and
misinterpretation. Although some studies support the use of charts, graphs, and maps to
communicate sea level rise (Plate et al., 2020; Akerlof et al., 2017), these studies were not
focused on frontline communities and did not consider cultural and educational factors that
influence the effectiveness of these communication tools. Campbell et al. (2020) determined that
among marginalized populations maps and graphs are less intuitive and impactful and that
overall, community members prefer photographs and illustrations. Visuals that are local, contextbased, and familiar help change the idea that climate change is a distant phenomenon and also
facilitate audience participation. It has been reported (Akerlof et al., 2017, Barisky, 2015, Wadey
et al., 2015) that there is increased engagement and concern in sea level rise effects when using
visualization tools such as coastal flooding simulations. Specifically in East Biloxi, many images
and visualization videos have been created to increase the public’s awareness in sea level rise
(NOAA/SeaGrant, 2020); but there is still a lack of connection between coastal topography maps
and the demographic information of the area. To date, current studies and maps in the area focus
on images derived from coastal changes, but do not show how underserved communities are the
most affected by the increase in sea levels.
The rates of sea level rise in the Gulf Coast, specifically in East Biloxi have varied from 4
to 8 inches over the past few years (NOAA Tides & Currents, 2021). According to the NOAA,
this average is higher than the rest of the states in the country (NOAA, 2019a). As seen in Figure
5 below, the sea water levels around Bay Waveland Mississippi (closest tide gauge to the city of
Biloxi) have increased about 7 inches since 1978 (NOAA Tides & Gauges, 2021; Sea Level
14

Rise, 2021). If this trend continues, scientists estimate an increase of 6 inches for the next 15
years.

Figure 5. Sea level measurements taken from Bay Waveland tide gauge since 1970 (NOAA Tides
& Currents, 2021; Sea Level Rise, 2021)

Figure 6 shows the relative and local sea level data with the prediction from NOAA. The
data was retrieved from a monitoring station of the National Oceanic and Atmospheric
Administration (NOAA) in Pascagoula, MS which is the nearest station located to the east of
Biloxi.
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Figure 6. Relative Sea Level Rise (NOAA Tides and Currents, 2021)
Flood Hazard in East Biloxi
The changes in sea level rises are turning what were 100-year storm surges along the
coast into much more frequent events. Furthermore, today’s 100-year storm surges will turn into
10-year or even more frequent events by the year 2050 (Tebaldi et al., 2012; SeaLevelRise,
2021).
Prior to Katrina, FEMA had classified a small portion of the city as a100-year flood
plain. Presently, about 90% of the city, including East Biloxi, is in the 100-year flood zone
(FEMA, 2007; Rios, 2007). Figure 7 shows the flood hazard zones in East Biloxi according to
FEMA. The areas in light green show the 0.1% Annual Chance Flood Hazard, while the areas in
orange represent the 0.2% Annual Chance Flood Hazard.
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Figure 7. FEMA Annual Chance Flood Hazard (FEMA, 2021)

Development in East Biloxi: Pre- and Post- Hurricane Katrina
To date, the three most common types of development occurring in East Biloxi are,
casinos, downtown businesses, and residential (Rios, 2007). Casinos are the largest and tallest
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types of building with 20 to 30 stories high. Most of the buildings happening in downtown are
about 3 stories tall. Typical residential developments are 1,000 square feet single-family houses,
mostly single-story.
Higher sea levels also mean increases in storm surges. Over the past few years, the area
of East Biloxi has suffered from different Hurricanes such as Camille, Katrina, and George,
which have worsened the impacts of the continuous increase in water levels. After Hurricane
Katrina in 2005, FEMA introduced the FEMA advisory base flood elevations requiring buildings
to be lifted at least 6 to 9 feet. While some development owners did follow these
recommendations, others keep rebuilding to pre-Katrina standards increasing their risk of chronic
flooding (FEMA, 2007; Rios, 2007). Like the rest of city, the infrastructure system in East Biloxi
suffered significant damage and many structures were destroyed due to wind and flooding from
Hurricane Katrina (Rios, 2007). Figure 8 shows a comparison of two images from Biloxi: before
hurricane Katrina (a) and (b) after hurricane Katrina. The image after the hurricane was taken
from the Landsat Enhanced Thematic Mapper Plus. Flooded areas after Hurricane Katrina are
designated by dark greenish-brown coloration along with river courses to the northeast and
northwest of downtown (NASA, 2005). This image shows the damage to the US 90 Bridge
which most of it was covered and destroyed by the water.
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(a) City of Biloxi pre-hurricane

(b)

City of Biloxi post-hurricane

Figure 8. Hurricane Katrina Damage in Biloxi, MS (NASA, 2005)

19

Chapter 3. Material and Methods
Methods in this research used satellite imagery and environmental justice indexes to
communicate technical information to non-technical audiences and people that are not familiar
with the subject.
Satellite Imagery
Conventional maps and Landsat 8 OLI satellite data are used. The programs used are
ArcGIS 2.8.3 and ArcMap. For purposes of visualization, a 1/50,000 scale was applied in this
project. The oldest satellite imagery of the study area was taken back when the satellite was
launched in 1972, the Landsat 1 MSS (Multispectral Scanner). The newest satellite imagery of
this same area was taken is in 2020 with the newest Landsat 8 OLI (Operational Land Imager).
Research (Colak et al., 2018) has shown that Landsat 8 OLI is the satellite imagery system with
potential for coastline extraction due to its SWIR-2 (MIR) band that shows moisture vegetation
(Table 1). Because of their different characteristics and uses, six bands of the Landsat 8 satellite
images were used for this study, blue, green, red, near-infrared (NIR), shortwave infrared 1
(SWIR 1) and, shortwave infrared 2 (SWIR 2). The table also shows the different bands with
their unique characteristics.
Table 1. Landsat Band Uses (USGS, 2020)
Landsat

Bands

Wavelength (µm)

Resolution Area of Use

Band 2-Blue

0.452-0.512

30

Bathymetric mapping

Band 3-Green

0.533-0.590

30

Evaluate plant health

Band 4-Red

0.636-0.673

30

Band 5-Near
Infrared (NIR)
Band 6Shortwave

0.851-0.879

30

1.566-1.651

30

Distinguish vegetation
trends
Biomass content and
coastline
Distinguish soil’s
moisture content
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Infrared
(SWIR) 1
Band 7(SWIR) 2

2.107-2.294

30

Moisture vegetation

For this project, we used the following band combination:
NIR (4), SWIR1 (5), RED (3)
This band combination is useful to distinguish land from water which is used to analyze
the changes that shoreline has suffered throughout the years.
Source Data
Data sources were selected for their accuracy, long period of record, and spatial
component, based on the best available, national-level data per natural hazard. Sources were
identified through public knowledge, subject matter expert recommendations, and research.
Providers of natural hazard and demographic exposure data used for this project include:
•

National Oceanic & Atmospheric Administration (NOAA)

•

United States Geological Survey (USGS)

•

Federal Emergency Management Agency (FEMA)

•

National Aeronautics and Space Administration (NASA)

•

Environmental Protection Agency (EPA)

•

Centers for Disease Control and Prevention (CDC)

•

Esri: ArcGIS, ArcMaps (Esri) (for census data layer)

Environmental Justice Index
The EJSCREEN tool developed by the Environmental Protection Agency (EPA) was
used to obtain the environmental justice index from the locations studied. This tool combines
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environmental and demographic indicators through the creation of maps and reports of a certain
city, neighborhood, and/or census tract. Environmental indicators typically are direct or proxy
estimates of risk, pollution levels, or potential exposure (e.g., due to nearby facilities).
Demographic indicators are often used as proxies for a community’s health status and
potential susceptibility to pollution (EPA, 2019). The demographic estimates, such as
socioeconomic information, employment, education, and ethnicity come from the American
Community Survey (ACS) data from the U.S Census Bureau. The ACS is an ongoing survey that
provides yearly data to communities on changing population, housing, and workforce.
The EJSCREEN tool contains eleven environmental indicators (or indexes), which range
from estimates of human health risk to proxies for potential exposure, such as proximity to
hazardous waste sites. These environmental indicators are:
1. Air Toxics Cancer Risk (NATA Cancer Risk)
2. Air Toxics Respiratory Hazard Index (NATA Respiratory HI)
3. Diesel Particulate Matter level in air (NATA Diesel PM)
4. Ozone level in air
5. PM2.5 level in air
6. Traffic Proximity and Volume
7. Lead Paint Indicator (% pre-1960 housing)
8. Proximity National Priority List Sites (NPL)
9. Proximity to Risk Management Plan (RMP) Facilities
10. Proximity to Treatment Storage and Disposal Facilities (TSDF)
11. Wastewater Dischargers Indicator (Stream Proximity and Toxic Concentration)
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The EJSCREEN tool also contains six demographic indicators and a demographic index.
The demographic indicators refer to:
1. Percent minority
2. Percent low-income
3. Percent less than high school education
4. Percent in linguistic isolation
5. Percent over age 64
6. Percent under age 5
As for the demographic index, the EJSCREEN tool uses the average of two indicators,
low-income and minority (for more information on the terms, please refer to Appendix A), and is
combined with an environmental indicator to create the associated EJ Index (EPA, 2019). For
more information regarding the environmental and demographic indicators, please review
Appendix B. To show how an environmental indicator and the demographics indicators converge
in the same location, the EJSCREEN tool uses an EJ Index. An EJ Index combines demographic
factors with a single environmental factor. The result from is index is unique and it cannot be
combined with different environmental indicators.
The EJ Index used in the EJSCREEN is calculated using the following formula:
𝐸𝐽 𝐼𝑛𝑑𝑒𝑥 = (𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟)
∗ (𝑑𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝑖𝑛𝑑𝑒𝑥 𝑓𝑜𝑟 𝑏𝑙𝑜𝑐𝑘 𝑔𝑟𝑜𝑢𝑝 – 𝑑𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝑖𝑛𝑑𝑒𝑥 𝑓𝑜𝑟 𝑈𝑆)
∗ (𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑢𝑛𝑡 𝑓𝑜𝑟 𝑏𝑙𝑜𝑐𝑘 𝑔𝑟𝑜𝑢𝑝)
The result values are presented as percentiles to allow better interpretation. Positive raw
values for an EJ Index are presented as higher percentiles and negative raw values appear as
lower percentiles. Therefore, the EJ Index is higher in block groups with large numbers of
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mainly low-income and/or minority residents with a higher environmental indicator value (EPA,
2021).
Development of a Sea Level Rise Index (SLI)
Currently, the EPA EJSCREEN does not take into consideration the environmental risk
from chronic flooding or sea level rise. Based on the EJ Index principles used by the EPA, we
developed a sea level rise index to calculate the specific risk related to the environmental
parameter of sea level rise. For this, the following formula was used.
𝐸𝐽 𝐼𝑛𝑑𝑒𝑥 = (𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟)
∗ (𝑑𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝑖𝑛𝑑𝑒𝑥 𝑓𝑜𝑟 𝑏𝑙𝑜𝑐𝑘 𝑔𝑟𝑜𝑢𝑝 – 𝑑𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝑖𝑛𝑑𝑒𝑥 𝑓𝑜𝑟 𝑈𝑆)
∗ (𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑢𝑛𝑡 𝑓𝑜𝑟 𝑏𝑙𝑜𝑐𝑘 𝑔𝑟𝑜𝑢𝑝)
Similarly to the EJ Index, the same method and formula were used. Instead of using any
of the eleven environmental indicators mentioned above, we developed a new environmental
indicator for the risk from sea level rise. The other parameters from the formula were adjusted to
the information according to the city of East Biloxi.
Environmental Indicators
To calculate the sea level rise index, we used two variables with respect to vertical and
horizontal change in the water levels as the environmental indicator. These two variables being
the relative sea level rise and the shoreline change of the area. To measure the vertical change a
vertical datum is used as a system of zero elevation surface to which heights of various points are
referred so that those heights be in a consistent system. There exist multiple vertical datums, but
the one used for this project is the tidal datum, specifically the Mean Sea Level (MSL) tidal
datum. Tidal datums are determined by averaging the level of water at a tide gage over time. The
Mean Sea Level (MSL) is computed by the National Ocean Service (NOS), Center for
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Operational Oceanographic Products and Services (CO-OPS). Figure 9 shows a comparison of
the different datum elevations used in the United States included the Mean Sea Level (MSL).
They are all shown in comparison to the “absolute zero”, the North American Vertical Datum
(NAVD 88).

Figure 9. A comparison of common datums relative to the NAVD 88 datum at the NOAA tide
gauge station in Boston (station ID 8443970). The different datums have different relative zero
elevation points (the starting points from which elevations are measured) (Massachusetts Office
of Coastal Zone Management, 2021)
Demographic Index and Population Count
For the purposes of this project, the units of analysis used for the research area are census
tracts of a collection of Census block groups, mostly between 1,200 and 8,000 people. Each
census tract is defined by the U.S. Census Bureau, with a logical and unambiguous numbering
scheme, and associated digital shapefiles that permit mapping in different geographical
information system (GIS) software (EPA, 2019). Figure 10 shows Census Tracks for East Biloxi.
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Figure 10. Biloxi's Census Tracts
Census tracts data are widely used by researchers and others. Census tracts also provide a
relatively stable framework; for instance, census tracts are not subject to frequent boundary
definition changes that political jurisdictions and postal ZIP codes, or counties may experience
(EPA, 2019). Additionally, census tracts are relatively smaller than another defined geographic
region being thus, easier to analyze. Figure 11 shows the location of the census tracts used for
this project and shows an overview of the demographics of the place. As seen, four main census
tracts are located in East Biloxi: census tracts #39, #3, #36, and #1.
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39

3

1
36

Figure 11. East Biloxi Census Tracts (U.S Census Bureau, 2019; US Fish and Wildlife Services,
2019)
The demographic information for the four census tracts is shown in Table 2 in
comparison to the U.S. median. As seen in this table, all the census tracts located in East Biloxi
fall below the U.S median household income of $60, 293 (U.S Census Bureau, 2019). Also,
these census tracts all contain a large percentage of BIPOC and other minorities3. Hence, East
Biloxi is composed of minority populations living in low-income conditions.

For more information regarding the term “minorities”, please refer to the Glossary of Terms in the
Appendix A section.
3
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Table 2. Biloxi Socioeconomic Profile

U.S
(Comparison
Location)
Total
Population
Median
Household
Income
Minorities
Families
below poverty
level

BILOXI, MISSISSIPPI
Tract 39,
Tract 3,
Harrison
Harrison
County, MS
County, MS

Tract 1,
Harrison
County, MS

Tract 36,
Harrison
County, MS

324,697,795

3,430

1,943

229

987

$60, 293

$34, 637

$29, 042

$9, 957

$34, 602

38.93%

45.98%

88.39%

51.38%

60.83%

10.08%

31.73%

33.20%

89.19%

40.91%

*Census tracts
*Data from the US Census Bureau, 2019
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Chapter 4. Results
Environmental Justice Index
Demographic Indicators
Data obtained from the EPA through the EJSCREEN tool show the current demographic
distribution in East Biloxi. As shown before by the U.S. Census Bureau, the four tracts located in
East Biloxi are composed of a large percentage of low-income minorities. Figure 12 shows the
location of the four census tracts (#1, #3, #39 and, #39) in East Biloxi.

Figure 12. East Biloxi's Census Tracts
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Figure 13, Figure 14, and Figure 15 corroborate that a high percentage of the population
of East Biloxi is currently composed of African Americans and Hispanics with a household
income below the national level. As mentioned earlier, the demographic index in the EJSCREEN
tool is based on the average of two demographic indicators: percent low-income and percent
minority. The exact demographic index number can be found in Table 3 below.

Figure 13. Demographic Index in East Biloxi (EPA, 2021)
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Figure 14-Minority Population in East Biloxi (EPA, 2021)
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Figure 15. Low Income Population in East Biloxi (EPA, 2021)
Table 3 shows the demographic indicators in East Biloxi. Results above the national U.S
average are highlighted in yellow. As seen, all the demographic indicators for the area of study in
East Biloxi are above the State and the national averages. (For more information on these results
please refer to Appendix B).

Table 3-EJSCREEN Data of Demographic Indicators in Biloxi (EPA, 2021)
Demographic Indicators
Selected Variables

Value

State

USA

Avg. (%)

Avg. %

Avg. %

Demographic Index

63

43

36

People of Color Population

62

43

39

32

Demographic Indicators
Low Income Population

63

43

33

Linguistically Isolated
Population
Population with Less Than
High School Education
Population underage 5

7

1

4

21

16

13

8

6

6

Population over Age 64

16

15

15

As seen above, Figure 13 shows that all four census tracts have a high percentile
demographic index meaning that are mainly composed of low income BIPOC communities. By
breaking the demographic index into its two demographic indicators, we can see that specifically
census tracts #3 and #39 have a large percentile of BIPOC communities compared to the national
U.S average. Similarly, Figure 15 shows the percentiles for the low-income population in the
area of East Biloxi. Unlike in the last image, all the four census tracts have an overly high
percentile of low-income populations.
Results obtained from the EJSCREEN tool, validate the hypothesis that East Biloxi has a
high demographic index with the majority of its population being considered low-income and
composed of BIPOC communities.
Environmental Indicators
We have established that the community of East Biloxi is predominately low-income
with a high percentage of minorities. What happens then when these communities are impacted
by chronic and acute flooding? Maps obtained from the National Flood Hazard Layer (NFHL)
show the risk and the impacts of flooding. The NFHL contains flood hazard mapping data from
FEMA’s National Flood Insurance Program (NFIP), the current effective flood risk data for parts
of the country where maps have been modernized. It is a compilation of effective Flood
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Insurance Rate Map databases and Letters of Map Revision (FEMA, 2021) Figure 16 shows the
flood hazard zones in East Biloxi according to the NFHL. The areas in light blue show the 0.1%
Annual Chance Flood Hazard, while the areas in orange represent the 0.2% Annual Chance
Flood Hazard. By comparing this information with the data obtained from the EJ Screen tool and
the US Census Bureau, we can confirm that all four census tracts in the area would be highly
affected by these annual chances of flooding.
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#39
#3
#1
#36

Figure 16-FEMA’s National Flood Hazard Layer (NFHL) (FEMA, 2021)

Similarly, Figure 17 shows the effects of the 100-Year Flood Plain (1% annual chance of
flooding). Once again, all four census tracts would be affected by the 100-year storm, and as
established, these storms are only predicted to happen more frequently and more intensely.
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Figure 17-FEMA 100 Year Flood Plain + Demographic Index (EPA, 2021)

Furthermore, Figure 18 shows a 1-feet increase in sea-level rise scenario where we can
see most of the damage would occur in census tracts #39 and #3. We should recall that census
tract #3 and census tract #1 are the ones with a higher percentage of underserved communities,
proving that these populations are the ones at a higher risk from chronic flooding. Underserved
communities in East Biloxi are the most in danger of the effects of chronic and acute flooding.
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Figure 18-Biloxi map showing a 1-feet increase in sea-level rise scenario (EPA, 2021)

In addition to the demographic information obtained from US Census Bureau and the
EPA (2019), the EJSCREEN tool shows that communities in East Biloxi also have a higher
environmental indicator value on average than the rest of the U.S. population. Figure 19 below
shows the environmental indicator values of East Biloxi with respect to the national and state
average. Values that are higher than the national AND the state average are highlighted in
yellow. Values that are higher in either the national OR the state average are highlighted in blue.
As seen, all environmental indicator values are out of range (except for the superfund proximity)
for the city of East Biloxi. (For more information on the results please refer to Appendix B).
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Table 4-EJSCREEN Data of Environmental Indicators in East Biloxi (EPA, 2021)
Environmental Indicators
Selected Variables
Particulate Matter (PM
2.5 in µg/m3)
Ozone (ppb)
NATA* Diesel PM
(µg/m3)
NATA* Air Toxics
Cancer Risk (risk per
MM)
NATA* Respiratory
Hazard Index
Traffic Proximity and
Volume (daily traffic
count/distance to road)
Lead Paint Indicator (%
pre-1960s housing)
Superfund Proximity
(site count/km distance)
RMP Proximity (facility
count/km distance)
Hazardous Waste
Proximity (facility
count/km distance)
Wastewater Discharge
Indicator (toxicityweighted
concentration/m
distance)

Value

State

USA

Avg.
8.64

Avg
8.89

Avg
8.55

38.4

36.1

49.2

0.415

0.263

0.478

35

39

32

0.5

0.56

0.44

350

120

750

0.41

0.15

0.28

0.051

0.064

0.13

7.4

0.54

0.74

0.55

0.46

5

N/A

N/A

N/A

The maps and reports obtained from the EPA’s EJSCREEN confirm that large numbers
of mainly low-income and/or minority residents are currently experiencing a higher
environmental indicator value. All this information proves that frontline communities living in
East Biloxi are suffering the most consequences from climate change, in this case, from sea level
rise.
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Sea Level Rise Index
As mentioned, the sea level rise index was calculated based on the EJ Index calculation
used in the EJSCREEN tool.
𝐸𝐽 𝐼𝑛𝑑𝑒𝑥 = (𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟)
∗ (𝑑𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝑖𝑛𝑑𝑒𝑥 𝑓𝑜𝑟 𝑐𝑒𝑛𝑠𝑢𝑠 𝑡𝑟𝑎𝑐𝑡 – 𝑑𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝑖𝑛𝑑𝑒𝑥 𝑓𝑜𝑟 𝑈𝑆)
∗ (𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑢𝑛𝑡 𝑓𝑜𝑟 𝑐𝑒𝑛𝑠𝑢𝑠 𝑡𝑟𝑎𝑐𝑡)
For the environmental parameter, we used the relative sea level rise parameter.
Water level data from the last sixteen years (2005-20116) was collected from the 8741533
Pascagoula NOAA Lab station near Biloxi, Mississippi (for more information on water
values, please refer to Appendix B). The values of the maximum water levels were averaged
and graphed to show the water trend of the last sixteen years (for more information on these
values, please refer to Appendix B). Table 5 below shows the measured values in feet versus
the measured values in MSL datum and the percentage change for the last sixteen years.
Table 5-Sea level values for the last sixteen years (NOAA Tides and Currents, 2021)
Year

Measured

Change

Value

(MV-MSL)

% Change

(MV)
2005

1.93

1.62

5.23

2006

1.95

1.64

5.29

2007

1.8

1.49

4.81

2008

2.2

1.89

6.10

2009

2.53

2.22

7.16

2010

2

1.69

5.45
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2011

1.95

1.64

5.29

2012

2.3

1.99

6.42

2013

2.15

1.84

5.94

2014

1.8

1.49

4.81

2015

1.9

1.59

5.13

2016

2.15

1.84

5.94

2017

2.4

2.09

6.74

2018

2.1

1.79

5.77

2019

2.2

1.89

6.10

2020

3.1

2.79

9.00

2021

2.2

1.89

6.10

Average:

2.2

5.96

Figure 19 and Figure 20 show a linear and non-linear graphs regressions of the differences
in water level throughout the last sixteen years (2005-2021) (NOAA Tides and Currents,
2021). As seen, even though there has been oscillation in the data, the trend line is
increasing thus, indicating an overall increase in the seawater levels for the last years.
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Figure 19-Relative Sea Level Rise in Biloxi, linear regression (Years 2005-2021) (NOAA Tides
and Currents, 2021)
Relative Sea Level Rise (non-linear)
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Figure 20-Relative Sea Level Rise in Biloxi, Linear (black line) vs Non-Linear Regression (red
line) (Years 2005-2021) (NOAA Tides and Currents, 2021)
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We used this water level values taken from the Pascagoula station to calculate the sea
level rise index as part of the environmental indicator variable.
The demographic indexes for the census tract and for the US were calculated as followed.
𝐷𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝐼𝑛𝑑𝑒𝑥 𝑓𝑜𝑟 𝐶𝑒𝑛𝑠𝑢𝑠 𝑇𝑟𝑎𝑐𝑡4
= ((% 𝑚𝑖𝑛𝑜𝑟𝑖𝑡𝑦 𝑓𝑜𝑟 𝑐𝑒𝑛𝑠𝑢𝑠 𝑡𝑟𝑎𝑐𝑡 − % 𝑚𝑖𝑛𝑜𝑟𝑖𝑡𝑦 𝑓𝑜𝑟 𝑈𝑆)
+ (% 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑓𝑜𝑟 𝑐𝑒𝑛𝑠𝑢𝑠 𝑡𝑟𝑎𝑐𝑡 − % 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑓𝑜𝑟 𝑈𝑆))/2
∗ 𝑐𝑒𝑛𝑠𝑢𝑠 𝑡𝑟𝑎𝑐𝑡 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
The demographic index uses two factors – % minority and % low income and is
calculated with data from the current American Community Survey (ACS).
•

US % Minority from the 2014 – 2018 ACS = 0.389349

•

US % Low Income from the 2014 – 2018 ACS = 0.319054

US % Minority is defined as “Minority Population” divided by “Total Population”; US %
Low Income is defined as “Low Income Population” divided by “Population for whom Poverty
Status is Determined” (EPA, 2020). These same principles were applied for each census tract %
Minority and census tract % Low Population to calculate their Demographic Index.

4

This formula was taken from the EPA’s EJSCREEN tool
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Table 6 shows the calculated values.
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Table 6-Demographic Index in East Biloxi by Census Tract

US
Minority
(%)

US Low
Income
(%)

%
Minority

% Low
Income

Tract 39,
Harrison
County,
MS

0.389349

0.319054

0.34723

0.623741

3430

450.3047

Tract 3,
Harrison
County,
MS

0.389349

0.319054 0.859496 0.761024

1943

886.1215

Tract 1,
Harrison
County,
MS

0.389349

0.319054 0.528384 0.949367

229

88.09039

Tract 36,
Harrison
County,
MS

0.389349

0.319054 0.550152

987

258.7365

0.68254

Population Demographic
count
Index

As seen, census tract #3 has the highest demographic index of all four. Indexes in the
EJSCREEN tool are reported in percentile terms to make the results easier to interpret. If one is
calculating the actual raw values using the formula, the indexes’ values can then be either a
positive or negative number. In this case, the positive value means that the Demographic Index is
above the US average, and this means the location adds to any excess in environmental indicator
values among the specified populations (minority and low-income) nationwide (EPA, 2019). The
higher the number, the higher they are in disadvantage with respect to the national average.
Although census tract # 3 had the highest number, the indexes for the rest of the tracts were also
elevated values above the zero level (meaning they’re above the U.S average). Similar to the
EPA’s EJSCREEN tool, we proceeded to turn these results into percentiles to allow comparison
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between results. A percentile is useful to describe the rank ordering of cases by considering them
relative to their peers (Kumar, 2002). The statistical formula used to calculate percentiles is
presented below.

n = (P/100) x N
Where N = number of values in the data set, P = percentile, and n = ordinal rank of a
given value (with the values in the data set sorted from smallest to largest). In this case we
solved for P to find out the percentile of each one of the census tracts results from the
demographic index. By doing this, we are able to compare them against each other and prioritize
each one of them. For full demographic summary statistics please refer to Appendix B.
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Table 7-Demographic Index for East Biloxi in Percentiles
Census
Tract

Demographic
Index

Percentiles

Tract 39,
Harrison
County,
MS

450.3047

67

Tract 3,
Harrison
County,
MS

886.1215

98

Tract 1,
Harrison
County,
MS

88.09039

20

Tract 36,
Harrison
County,
MS

258.7365
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Results from the demographic index are shown in percentiles in Table 7. These values are
with respect to the US average, meaning for example that only 2 percent of the US population
have a higher average of low income + minority populations than census tract #3.
An average for all census tracts was calculated to have a number for the whole area of
East Biloxi. Results can be seen in Table 8 below.
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Table 8-Demographic Index for East Biloxi
East
East
Biloxi
Population
US
US Low Biloxi
Low
for East
Demographic
Minority Income Minority Income
Biloxi
Index
0.389349 0.319054 0.5349825 0.6883358
6589 1696.388642
*These values were taken from the US Census Bureau. The demographic
index was calculated using the formula mentioned above.

Demographic Index = (0.5349825 – 0.389349) + (0.6883358– 0.319054) / 2 * 6589 = 1696.388
We did a small comparison with the area of East Austin to see the differences in the
Demographic Index. Table 9 shows the obtained results.
Table 9- Demographic Index for East Austin
East
East
Austin
US
US Low Austin
Low
Minority Income Minority Income
0.389349 0.319054 0.530306 0.224336

Population
for East
Demographic
Austin
Index
58,454
1351.425

Even though the result is a large positive number, meaning it is above the U.S average,
the value is still lower than the one obtained for East Biloxi. This proves that the area of East
Biloxi has a more vulnerable population than the area of East Austin.
The final step to calculate the Sea Level Rise Index was to multiply the demographic
indicator results times the average relative sea level rise values obtained from the NOAA tide
gauges nearby the area of East Biloxi. In order to be able to show the results in percentiles and
allow better comparison, the U.S national sea level rise was obtained from NOAA. According to
NOAA, average sea level has risen at a rate of 0.12 to 0.14 inches per year. Sea level rise index
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values for all four census tracts were calculated and taken into comparison with the U.S national
average to be turned into percentiles. Obtained results for the sea level rise index statistics can be
seen in Table 10 below.
Table 10-Sea Level Rise Index for East Biloxi
Demographic Sea Level
Index
Rise Index

Percentiles

Tract
39,
Harrison
County,
MS

450.3

990.7

66

Tract 3,
Harrison
County,
MS

886.1

1949.5

95

Tract 1,
Harrison
County,
MS

88.1

193.8

11

Tract
36,
Harrison
County,
MS

258.7

569.2

33

Sea level rise index results were translated to GIS to create images that were easy to
understand for the audience. Figure 21 shows a visual representation of the sea level rise index
distribution for all four census tracts in East Biloxi.
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Figure 21-Sea Level Rise Index in East Biloxi
Results from the table allow prioritization of communities within the same area. Though
these census tracts are located within the same area in the same city, these communities are not
the same. Not only the don not share the same risk from sea level rise but also, they have very
different demographic parameters, as seen by the demographic index. As predicted from the last
demographic index results and the EJSCREEN data, the sea level rise index was higher in census
tract #3 and in census tract #39. Coincidentally, these two census tracts had the higher
demographic index, showing the direct relationship between the demographic index and the
environmental impact. The higher the demographic index, the higher the environmental index,
which in this case is the sea level rise index.
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Chapter 5. Conclusions and Future Work

1. The sea level rise index is directly proportionally to the demographic index of East
Biloxi. Meaning the more underserved communities, and the lower the income, the more
they are in risk of becoming affected by the effects of sea level rise.
2. Visuals that are local, place-based and familiar help change the idea that climate change
is a distant phenomenon and also facilitate audience participation in climate changerelated issues.
3. The sea level rise index can be used to show the demographics and income of the place in
addition to the risk of sea level rise according to the last sea level trends.
4. The sea level rise index can be shown in visual infographics data that could increase the
knowledge and involvement of underserved communities in sea level rise adaptation
measures.
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Limitations and Recommendations for Future work.
The most-reported limitations found in the literature review were the lack of regulatory
enforcement and implementation coming from governmental institutions. Particularly limited
budget allocation for sea-level rise in frontline underserved communities in the past has resulted
in communication and engagement failure. As a result of this, underserved communities live in a
distrustful environment with the governmental institutions. Coastal communities in the Gulf have
dedicated most of their resources to adapt and reduce their current vulnerabilities rather than
focusing on future hazards such as chronic sea level rise. This project was implemented with the
help of Landsat imagery. Though Landsat has shown to be effective for sea level rise monitoring,
different limitations exist when using this satellite system. The revisit time of one Landsat
satellite is approximately two weeks. Because of this, it is possible to still miss different flooding
events (Shan et al., 2010). Additionally, despite the updates and upgrades in the system, Landsat
images dare not be precise when it comes to cloud penetration, which could restrict its usefulness
during a flood event (Shan et al., 2010). The addition of different satellites like the Sentinel-6
(launched last December 2020) will provide higher resolution and will increase the accuracy of
coastal images. The aim of this work is to be replicated in any other coastal zone where is
needed. Underserved communities need more attention and need short- and long-term solutions.
Some of the environmental justice data obtained from the different screening tools are based on
historical data and may not reflect current or future accurate conditions. Demographic data
comes from the U.S Census Bureau which calls every data item an “estimate,” and establishes
that each estimate has a margin of error (EPA, 2021). In the EJSCREEN tool, the EPA warns it
is important to understand that there is uncertainty in the data contained in the tool. For this
reason, it is critical to interpret results carefully. Additionally to the environmental justice data,
demographics of the place, density location, and sea level rise projections are conditions that
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depend on different circumstances that may change with time. This study acknowledges these
limitations and encourages the use of different sources and references in the future to make this
information more accurate. This is study encourages testing the findings presented here. Though
the information is useful to create a demographic and environmental profile from each
community, further application is needed to determine the level of accuracy of the findings
presented on this project. This project is a pilot for the area of East Biloxi and the hope is for
other areas to use this as a tool for better visualization of sea level rise and environmental
indexes.

52

References
Agyeman, Julian, Bob Doppelt, Kathy Lynn, and Halida Hatic. (2007) The Climate-Justice Link:
Communicating Risk with Low-Income and Minority Audiences. Edited by Susanne C.
Moser and Lisa Dilling. Creating a Climate for Change: Communicating Climate Change
and Facilitating Social Change. Cambridge: Cambridge University Press.
doi:10.1017/CBO9780511535871.010.
Akerlof, Karen, Michelle Covi, and Elizabeth Rohring. (2017) Communicating Sea Level Rise.
1st ed. The Oxford Encyclopedia of Climate Change Communication. Oxford University
Press. Retrieved from:
http://www.oxfordreference.com/view/10.1093/acref/9780190498986.001.0001/acref978
0190498986-e-417
Bhattachan, A., Jurjonas, M.D., Morris, P.R., Taillie, P.J., Smart, L.S., Emanuel, R.E. and
Seekamp, E.L. (2019). Linking residential saltwater intrusion risk perceptions to physical
exposure of climate change impacts in rural coastal communities of North
Carolina. Natural Hazards, 97(3), pp.1277-1295.
Campbell, N., Roper-Fetter, K. and Yoder, M., (2020) Principles of Risk Communication: A
Guide to Communicating with Socially Vulnerable Populations Across the Disaster
Lifecycle. Natural Hazards Center, University of Colorado: Boulder, CO, USA.
Retrieved from:
https://hazards.colorado.edu/uploads/freeform/Risk%20Communication%20Guide_FINA
L.pdf
City of Biloxi, (2016) “Code of Ordinances of the City of Biloxi”
https://library.municode.com/ms/biloxi/codes/code_of_ordinances?nodeId=10442
Cleetus, R., Bueno, R. and Dahl, K., (2015) Surviving and thriving in the face of rising
seas. Cambridge, MA: Available at: http://www. ucsusa. org/global-warming/prepareimpacts/communities-on-front-lines-of-climate-change-sea-level-rise. Colak, Isiacik. G.
Senel, C. Goksel. 2018. “Coastline Zone Extraction Using Landsat-8 Oli Imagery, Case
Study: Bodrum Peninsula, Turkey.”
Egland, Katherine, and Hilton Kelley. (2020) “Climate Justice in Frontline Communities: Here’s
How to (Really) Help.” TheHill. Retrieved from: https://thehill.com/changingamerica/opinion/489315-climate-justice-infrontline-communities-heres-how-to-reallyhelp.
Florida State University, (FSU). (2008) “East Biloxi Community Report.” Retrieved from:
https://fpdl.coss.fsu.edu/sites/g/files/imported/storage/original/application/7a02bcd14985
e8dab2c6b ff7fcc28585.pdf.
Gross, Terry. (2017) “A ‘Forgotten History’ Of How The U.S. Government Segregated
America.” Retrieved from: https://www.npr.org/2017/05/03/526655831/a-forgottenhistory-of-how-the-u-s-governmentsegregated-america.
53

Hamer Center for Community Design the Pennsylvania State University. N.d. “The Citizen’s
Guide to East Biloxi” Retrieved from:
http://gccds.msstate.edu/teaching/pennstate/citizensguide.pdf
Hardy, R. Dean, Richard A Milligan, and Nik Heynen. (2017) “Racial Coastal Formation: The
Environmental Injustice of Colorblind Adaptation Planning for Sea-Level Rise,”
Geoforum 87, 87. Elsevier BV: 62–72. doi:10.1016/j.geoforum.2017.10.005.
Holland, Carolyn. (2017) “Centering Frontline Communities.” Retrieved from:
https://ecotrust.org/centering-frontlinecommunities/
Intergovernmental Panel on Climate Change (IPCC). (2014) “Fifth IPCC Assessment Report.”
Pushparaj, J. and Hegde, A.V., (2017) Estimation of bathymetry along the coast of Mangaluru
using Landsat-8 imagery. The International Journal of Ocean and Climate Systems, 8(2),
pp.71-83.Jurjonas, Matthew, Erin Seekamp, Louie Rivers, and Bethany Cutts. 2020.
“Uncovering Climate (in)Justice with an Adaptive Capacity Assessment: A Multiple
Case Study in Rural Coastal North Carolina,” Land use policy 94, 94. Elsevier BV:
104547. doi:10.1016/j.landusepol.2020.104547.
Kehaulani Watson-Sproat, Trisha. (2020) “4 Principles for Environmental Justice: Lessons from
Hawai‘I.” Non Profit News | Nonprofit Quarterly. Retrieved from:
https://nonprofitquarterly.org/4-principles-forenvironmental-justice-lessons-from-hawaii/.
Khan, A. Saleem, Robert S. Chen, and Alex de Sherbinin. (2020) “COREDAR: A Coastal
Climate Service Framework on Sea-Level Rise Risk Communication for Adaptation
Policy Planning.” doi:10.1007/978-3-030-36875-3_6.
Kumar, C.M., (2002) GIS methods for screening potential environmental justice areas in New
England (Doctoral dissertation, Massachusetts Institute of Technology).
Lopez, Karla. (2020) “Enhanced Engagement and Risk Communication for Underserved
Communities: Research Findings and Emerging Best Practices”.
Massachusetts Office of Coastal Zone Management. (2021) “North American Vertical Datum of
1988 (NAVD 88)” https://www.mass.gov/service-details/north-american-vertical-datumof-1988-navd-88
Miller-Hesed, Christine D, and Michael Paolisso. (2015) “Cultural Knowledge and Local
Vulnerability in African American Communities,” Nature Climate Change 5, 5 (7).
London: Nature Publishing Group: 683–87. doi:10.1038/nclimate2668.
Milman, Oliver. (2018) “Robert Bullard: ‘Environmental justice isn’t just slang, it’s real.”
Retrieved from: https://www.theguardian.com/commentisfree/2018/dec/20/robertbullard-interview-environmentaljustice-civil-rights-movement

54

Moser, Susanne C. (2009) “Communicating Climate Change: History, Challenges, Process and
Future Directions.”
The Natural Resources Defense Council (NRDC). (2019) “IPCC Report: Sea Level Rise Is a
Present and Future Danger.” Retrieved from: https://www.nrdc.org/experts/robmoore/new-ipcc-report-sea-level-rise-challenges-are-growing
NASA Earth Observatory. (2005) “Hurricane Damage in Biloxi, Mississippi” Retrieved from:
https://earthobservatory.nasa.gov/images/5859/hurricane-damage-in-biloxi-mississippi
NOAA. (2021) NOAA Tides & Currents. Retrieved from: https://tidesandcurrents.noaa.gov/
NOAA. (2020) “How are satellites used to observe the ocean?” National Ocean Service.
Retrieved from: https://oceanservice.noaa.gov/facts/satellites-ocean.html
NOAA. (2019a) “2018 State of U.S. High Tide Flooding with a 2019 Outlook.” National Ocean
Service
NOAA. (2019b) “Is Sea Level Rising?” National Ocean Service website. Retrieved from:
https://oceanservice.noaa.gov/facts/sealevel.html
NOAA. (2016) “Economics and Demographics: Fast Facts” Office for Coastal Management
website. Retrieved from: https://coast.noaa.gov/states/fast-facts/economics-anddemographics.html
NOAA. (2014) “Biloxi Adopts New Regulation to Become More Resilient to Storms, Flooding
and Sea Level Rise.” Retrieved from: http://masgc.org/impacts/article/biloxi-adopts-newregulation-to-become-moreresilient-to-storms-flooding-an.
NOAA. N.d. “Landsat Satellite Imagery” Office for Coastal Management. Retrieved from:
https://coast.noaa.gov/digitalcoast/data/landsat.html#:~:text=Landsat%20is%20moderate
%20spatial%2Dresolution,urbanization%2C%20but%20not%20individual%20houses.
Plate, Richard R, Martha C. Monroe, Alisson Bowers, Willandia A. Chaves, and Claire
Friedrichsen. (2020) “Recommendations for Early Phases of Engaging Communities in
Climate Change Adaptation.”
Pritam Chand, Prasenjit Acharya. (2010) “Shoreline change and sea level rise along coast of
Bhitarkanika wildlife sanctuary, Orissa: An analytical approach of remote sensing and
statistical techniques”
Rios, M. (2007). A citizen’s guide to East Biloxi. University Park, PA: The Pennsylvania State
University, Hamer Center for Community Design.

55

Roesler, Shannon. (2011) “Addressing Environmental Injustices: A Capability Approach to
Rulemaking.” Retrieved from:
https://researchrepository.wvu.edu/cgi/viewcontent.cgi?article=1255&context=wvlr.
Sea Level Rise. (2021) “Mississippi’s Sea Level Is Rising.” Retrieved from:
https://sealevelrise.org/states/mississippi/
Skelton, Renee, and Vernice Miller. (2016) “The Environmental Justice Movement.” NRDC.
March 17. Retrieved from: https://www.nrdc.org/stories/environmental-justicemovement.
Thieler, Robert E. and Erika S. Hammar-Klose. (2000) “National Assessment of Coastal
Vulnerability to Sea-Level Rise: Preliminary Results for the U.S. Gulf of Mexico Coast”
Trayler-Smith, Abbie. (2017) “Climate Change on the Front Line: Why Marginalized Voices
Matter in Climate Change Negotiations.” Global Witness. Accessed August 27.
https://www.globalwitness.org/en/blog/climate-change-front-line-why-marginalizedvoices-matterclimate-change-negotiations/.
The U.S Census Bureau. 2019. “The Supplemental Poverty Measure: 2018.”
The U.S. Environmental Protection Agency (EPA). (2021) EJSCREEN. Retrieved from:
www.epa.gov/ejscreen
The U.S. Environmental Protection Agency (EPA). (2019) “EJSCREEN Technical
Documentation” Retrieved from:
https://www.epa.gov/sites/production/files/202104/documents/ejscreen_technical_docum
ent.pdf
The U.S. Federal Emergency Management Agency (FEMA). (2007) “Design Guide for
Improving Critical Facility Safety from Flooding and High Winds.”
The U.S. Federal Emergency Management Agency (FEMA). (2013) “Floodproofing NonResidential Buildings.” Retrieved from: https://www.wbdg.org/FFC/DHS/femap936.pdf
The U.S. Federal Emergency Management Agency (FEMA). (2019) “Building Cultures of
Preparedness: A Report for the Emergency Management Higher Education Community.”
Washington, DC. Retrieved from:
https://training.fema.gov/hiedu/docs/latest/2019_cultures_of_preparedness_report_10.22.
18%20fina l.pdf.
USGS. (2020) “Landsat 8 Operational Land Image (OLI) and Thermal Infrared Sensor (TIRS)”
Retrieved from: https://www.usgs.gov/faqs/what-are-best-landsat-spectral-bands-use-myresearch?qt-news_science_products=0#qt-news_science_products

56

Urban Sustainability Directors Network (USDN). (2017) “Guide to Equitable CommunityDriven Climate Preparedness Planning.” Retrieved from:
https://www.usdn.org/uploads/cms/documents/usdn_guide_to_equitable_communitydrive
n_climate_preparedness-_high_res.pdf
Xu, Nan (2018) “Detecting Coastline Change with All Available Landsat Data over 1986–2015:
A Case Study for the State of Texas, USA.” DOI:10.3390/atmos9030107
Warnadi, F R A’Rachman, and S N Hijrawadi. (2020) “Spatiotemporal Shoreline Change
Analysis in the Downstream Area of Cisadane Watershed Since 1972.”
doi:10.1088/1755-1315/412/1/012007

57

Appendix A: Glossary of Terms
Glossary
Language describing minority groups can be challenging as terms are constantly
evolving over time. Words used in this paper try to be respectful and inclusive with minority
groups by going beyond the denotation (literal definition) and also considering the connotation
(feeling invoked by a word in an audience). Terms defined in this section are intended to clarify
and for a better understanding of the context in which they are used.
Black people
Recognizing that not all persons trace their lineage to the African continent, for this paper
the word Black with a capital B is used. Black persons are described in this paper as a group of
individuals having dark pigmentated skin. The term is used when referring to groups in racial,
ethnic, or cultural terms. Ultimately, it is highly recommended to ask the communities what their
preferred term is to refer to them.
Frontline communities
Frontline communities are defined as communities that experience “first and worst” the
consequences of climate change (Holland, 2017). Although not all frontline communities are
necessarily underserved; the frontline communities highlighted in this paper were selected due to
their high percentage of underserved populations. Underserved populations can be communities
of color, tribal nations, low-income communities, and other minority communities that
experience systemic oppression and are overburdened with climate change consequences. For the
sake of this project, the terms of climate justice communities, special communities, marginalized
communities, and underserved communities are used interchangeably with frontline
communities. As mentioned before in the paper, it is highly recommended to learn and allow
communities to use their preferred terminology to refer to themselves.
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Low Income Populations
Executive Order 12898 addressing Environmental Justice issues refers to low-income
and minority populations. Based on this and for the purposes of this project, the term low-income
refers to the number or percent of a census tract population in households where the household
income is less than or equal to twice the federal “poverty level”.
Minority Populations
The number or percent of individuals in a block group who list their racial status as a race
other than white alone and/or list their ethnicity as Hispanic or Latino.
Environmental Racism
The disproportionate and intentional impact of environmental hazards on low-income and
minority populations. Can be manifested through policies, rules, and regulations that benefit
some populations (often white communities) while abandoning others (Milman, 2018; Hardy et
al., 2017). Placement of communities in locally unwanted land uses (i.e. toxic waste dumps,
incinerators, factories, fossil fuels storages), the lack of green spaces and the exclusion of
underserved populations from the leadership of the environmental decision-making process are
only a few examples of environmental racism.
Government agencies
Refer to all level (federal, state, and local) government agencies including NOAA and
Sea Grant.
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Appendix B: Supplementary Documentation
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Figure 22-Figure 20-EJSCREEN Report for EJ Indexes in East Biloxi (EPA, 2020)
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Table 11-Summary Table of Environmental Indicators and Sources (EPA, 2019)
Key
Medium

Indicator

Details

Source

Air

NATA air
toxics
cancer risk

Lifetime cancer risk from
inhalation of air toxics

EPA NATA, retrieved 2019
2014
https://www.epa.gov/national
air-toxics-assessment/2014nataassessment-results

Air

NATA
respiratory
hazard
index

Air toxics respiratory
hazard index (ratio of
exposure concentration to
health-based reference
concentration)

EPA NATA, retrieved 2019
2014
https://www.epa.gov/national
air-toxics-assessment/2014nataassessment-results

Air

NATA
diesel PM

Diesel particulate matter
level in air, µg/m3

EPA NATA, retrieved 2019
2014
https://www.epa.gov/national
air-toxics-assessment/2014nataassessment-results

Air

Particulate
matter

PM2.5 levels in air, µg/m3
annual avg. (2016)

EPA, OAR (fusion of model 2016
and monitor data). For
methods, see EPA Report
EPA-454/S-15-001
https://www.epa.gov/greenbo
ok/green-book-pm-25-2012area-information

Air

Ozone

Ozone summer seasonal
avg. of daily maximum 8hour concentration in air in
parts per billion (2016)

EPA, OAR (fusion of model 2016
and monitor data). For
methods, see EPA Report
EPA-454/S-15-001
https://www.epa.gov/greenbo
ok/green-book-pm-25-2012area-information

Air/Other Traffic
Count of vehicles (AADT,
proximity
avg. annual daily traffic) at
and volume major roads within 500
meters, divided by distance
in meters (not km)
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Calculated from 2017 U.S.
DOT traffic data, retrieved
2019
https://www.fhwa.dot.gov/po
lic
yinformation/hpms/shapefile
s.cf m

Data
Year

2017

Dust/

Lead paint
indicator

Percent of housing units
built pre-1960, as indicator
of potential lead paint
exposure

Calculated based on
Census/ACS data, retrieved
2019
https://www.census.gov/prog
ra mssurveys/acs/data/summaryfil
e.html

20132017

Waste/
air/ water

Proximity
to RMP
sites

Count of RMP (potential
chemical accident
management plan)
facilities within 5 km (or
nearest one beyond 5 km),
each divided by distance in
kilometers

Calculated from EPA RMP
database, retrieved 06/2019
https://www.epa.gov/rmp/ris
kmanagement-plan-rmpruleoverview

2019

Waste/
air/ water

Proximity
to TSDFs

Count of TSDFs
(hazardous waste
management facilities)
within 5 km (or nearest
beyond 5 km), each
divided by distance in
kilometers

Calculated from EPA RCRA
Info database, retrieved
07/2019
https://www.epa.gov/hwper
mitt ing/referencedocumenthazardous-wastetreatmentstorage-anddisposal-facilities

2019

Waste/
air/ water

Proximity
to NPL
sites

Count of proposed and
listed NPL sites within 5
km (or nearest one beyond
5 km), each divided by
distance in kilometers

Calculated from EPA
2019
CERCLIS database,
retrieved 07/2019
http://cumulis.epa.gov/superc
pa d/cursites/srchsites.cfm

Water

Wastewater Toxicity-weighted stream
discharge
concentrations at stream
segments within 500
meters, divided by distance
in kilometers (km)

lead
paint

Calculated from RSEI
modeled toxicity-weighted
stream concentrations,
created 05/2019
https://www.epa.gov/rsei

2017

Note: EJSCREEN’s EJ Indexes also include demographic information that is obtained from
the U.S. Census Bureau’s American Community Survey (ACS). The 2019 version of
EJSCREEN includes 2013- 2017 ACS 5-year summary file data, which is based on 2017
Census boundaries.
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66

Source: 2019 version of EJSCREEN, not including Puerto Rico. Calculated based on
2013-2017 5-year summary file, American Community Survey (ACS), from the US Census
Bureau. Note: Population percentiles (and means) are shown, not block group percentiles (or
means), so 80%ile means 80% of the population has a lower (or exactly tied) block group value.
Values in table have been rounded to an integer percentile 0-100. Numbers may differ slightly
from those in EJSCREEN reports.
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